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Purpose: Asplenic patients are at increased risk for the development of overwhelming
postsplenectomy infection (OPSI) syndrome. It is believed that adequate immunization, antimi-
crobial prophylaxis, as well as appropriate education concerning risks on severe infection lead
to the decreased incidence of OPSI. The aim of this study was to analyze the methods used to
prevent OPSI in trauma patients splenectomized before the age of 18.

Patients and methods: A retrospective, single-center study of all pediatric patients sustaining
blunt splenic injury (BSI) managed at our level 1 trauma center from January 1979 to March 2012
was performed. A questionnaire was sent to all the included patients to determine the level of
knowledge concerning infection risks, the use of antibiotics, and compliance to vaccination
recommendations. Furthermore, we investigated whether the implementation of guidelines in
2003 and 2011 resulted in higher vaccination rates.

Results: We included 116 children with BSI. A total of 93 completed interviews were eligible for
analysis, resulting in a total response rate of 80% and 1,116 patient years. Twenty-seven patients
were splenectomized, and 66 patients were treated by a spleen preserving therapy (including
embolization). Only two out of 27 splenectomized patients were adequately vaccinated, five
patients without a spleen used prophylactic antibiotics, and about half of the asplenic patients
had adequate knowledge of the risk that asplenia entails. A total of 22/27 splenectomized patients
were neither adequately vaccinated nor received prophylactic antibiotics. There was no OPSI
seen in our study population during the 1,116 follow-up years.

Conclusion: The vaccination status, the level of knowledge concerning prevention of an OPSI,
and the use of prophylactic antibiotics are suboptimal in pediatric patients treated for BSI.
Therefore, we created a new follow-up treatment guideline to have adequate preventive cover-
age to current standards for these patients.

Keywords: spleen, blunt trauma, questionnaire, immunization, antibiotics, education

Plain language summary

After a motor vehicle accident or any other trauma, sometimes the spleen may be bleeding and
may need to be removed. Children of whom the spleen was removed are at increased risk of
developing severe infections for the rest of their lives. It is believed that vaccination status, the
carly use of antibiotics, and appropriate education concerning risks on severe infections lead to
the decreased occurrence of severe infections. We studied the use of these preventive methods
among children who have had a blunt splenic injury. We sent questionnaires to all patients who
were admitted to our trauma center between 1979 and 2012. Ninety-three out of 116 completed
questionnaires were received. After analyzing these questionnaires, we found that only two out
of 27 patients without a spleen are adequately vaccinated, five patients without a spleen use
preventive antibiotics when needed, and about half of these patients have sufficient knowledge of
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the risk that living without a spleen entails. We concluded that these
findings concern suboptimal care. To improve the severe infection
prevention we created a new treatment protocol for the aftercare
of children who have had a blunt spleen trauma.

Introduction

Blunt abdominal trauma is a common presentation in the
emergency department and ~10%—22% of such patients have
intraabdominal injuries.'? The spleen is the most commonly
injured intraabdominal organ, accounting for up to 45% of
all visceral injuries.> When a splenectomy is unavoidable,
patients are at an increased risk of developing an overwhelm-
ing postsplenectomy infection (OPSI). The description of
this syndrome in 1952 led to a management shift toward
preservation of splenic function in patients suffering blunt
splenic injury (BSI).** The annual risk of developing an OPSI
in asplenic adult patients is 0.18%—0.42% and the lifetime
risk of these patients is ~5%.%7 Patients splenectomized for
the treatment of traumatic splenic injury have an 8.6-fold
increased risk of developing severe infection, compared to
the general population.® The documented mortality rate of
an OPSI is up to 80%.%!° Significant infection risk reduction
can be achieved by adequate immunization, antimicrobial
prophylaxis, as well as appropriate education about the
increased risk of severe infections.!'? Despite the existence
of guidelines with recommendations for education, vaccina-
tions, and prophylactic antibiotics, the compliance to these
recommendations differs among surgeons.'>'* Previous
studies showed inadequate vaccination coverage and reported
that up to 70% of these patients have insufficient awareness
of infectious risks in adult asplenic patients.'>!® Therefore, the
aim of this study was to analyze vaccination rate, the use of
antibiotic prophylaxis, and the level of knowledge concern-
ing prevention of an OPSI in trauma patients splenectomized
before the age of 18.

Patients and methods

We performed a retrospective, single-center, cohort study in
which we included all patients up to and including 18 years
of age who were admitted to our level 1 trauma center for the
treatment of BSI between January 1, 1979, and March 14,
2012. A follow-up time period of at least 1 year was required;
therefore, we started our study in May 2013. This question-
naire study was reviewed by the institutional review board
(IRB) as a study with minimal risk for the patient and there-
fore an IRB waiver was obtained (protocol no. 10-382C).
Patients were identified from the hospitals discharge register.
Exclusion criteria are mortality during or after initial hospital

admission. A questionnaire was sent to all included patients
or caretakers to determine the vaccination status, the level of
knowledge about infectious risks, and prophylactic antibiotic
treatment. We tried to contact all patients who did not respond
to the questionnaire by phone. Written informed consent
was obtained from all individual participants included in
the study. When patients were younger than 18 years at
the time of the study, legal representatives were involved
in the informed consent process. If patients were unable to
provide written informed consent, verbal informed consent
was obtained. Patients were excluded from the analysis if
they neither responded to the questionnaire nor to multiple
phone calls or if they refused to participate.

Endpoints

Our primary endpoints were 1) current vaccination status;
2) prophylactic use of antibiotics; and 3) level of knowledge
regarding infectious risks. Our secondary endpoints were
defined as 1) type of health care worker proving information;
2) providing written information; 3) knowledge of antibiotic
use on demand; and 4) development of OPSI.

Clinical data

All patient charts and follow-up files were reviewed by two
investigators (RS, MT) and patient characteristics, trauma
characteristics, treatment, and outcome were documented.
For each patient we collected the date of trauma, gender,
age, mechanism of injury, Abbreviated Injury Score (AIS)
of splenic injury,'” Injury Severity Score (ISS),'® final type of
treatment for the BSI, duration of intensive care unit (ICU)
stay, length of hospital stay, and mortality. We also gathered
information regarding the inhospital development of OPSI.

Development of vaccination guidelines

In 2003, the national Health Council of the Netherlands
developed new vaccination guidelines for asplenic patients."
These guidelines pointed out the necessity of Pneumococ-
cus vaccination in asplenic patients. The guidelines resulted
in changes of our institutions’ vaccination regime and we
implemented these changes in the same year. To investigate
the impact of the introduction of the new 2003 guidelines we
performed a sub-analysis of the vaccination status in which
we compared the time period before 2003 and the period after
2003. Parallel to this development, literature emphasized the
importance of other vaccinations like haemophilus influenza
type b (Hib), meningococcus, and influenza.'*** In 2011,
the National Institute for Public Health and Environment
developed a new protocol for hypo-splenic and asplenic
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patients.?! This protocol underlined the importance of
adequate vaccination for the following bacteria: Streptococ-
cus pneumoniae, Hib, and Neisseria meningitides. The yearly
influenza vaccination was also additionally recommended
in this protocol. Furthermore, the 2011 protocol advised to
prescribe prophylactic antibiotics for at least 2 years and give
lifelong antibiotics on demand in splenectomized patients.

Questionnaire or interview

We used the electronic hospital registry to acquire the
patients’ current contact information. Patients or their
legal guardians were interviewed by the use of a short and
standardized questionnaire. This questionnaire included
a total of nine simplified questions aimed to explore the
postsplenectomy infection risks, antibiotic prophylaxis, and
compliance to vaccination recommendations. They were also
asked which health care worker provided this information.
The questionnaire was critically reviewed by a statistician
experienced in these survey techniques and an independent
clinician experienced in this field. The first question, about
the inhospital treatment, was used to verify reliability on
the recall of information. Furthermore, we checked all vac-
cinations and antibiotics registered in our hospital patient
registry to verify patient reliability. The specific questions
that patients were asked are shown in Figure S1. Participants
were first contacted by surface mail and invited to fill out the
questionnaire. In the absence of a response to this letter, they
were contacted by phone. In case children were under the age
of 16 at the time of the interview, a parent participated in the
telephone interview. Written consent for the use of data was
obtained from all the participating patients or their parents.

Data analysis

Patients were grouped based on the treatment they received.
Group A consists of patients treated by total splenectomy.
Patients who underwent spleen preserving therapy such
as nonoperative management (NOM), selective angio-
embolization, and operation with hemostatic mesh technique
were assigned to group B. The final treatment was verified
by checking the patients’ charts and by a specific question
added to the interview. Both investigators (RS, MT) who
analyzed the outcomes were blinded to group assignment.
In order to describe the development of treatment man-
agement and function tests we divided patients into five
groups. Group | consisted of patients treated before 1980,
group 2 included all patients admitted between 1981 and
1990, group 3 included individuals admitted between 1991
and 2004, group 4 those who were admitted between 2005

and 2009, and group 5 consisted of patients treated from 2010
and later. Age at follow-up and follow-up time were set at the
date the patient completed the questionnaire. Patient years
were calculated from the date of admission in the hospital
for the treatment of BSI until the date the patient completed
the questionnaire. Statistical analysis was performed using
SPSS for Windows 20.0 (IBM Corporation, Armonk, NY,
USA). Differences between groups were calculated with
Fisher’s exact test and chi-squared test for ordinal data and
Mann—Whitney U test for continuous data. P-values <0.05
were considered significant.

Approval and consent

All procedures performed in this study involving human
participants were in accordance with the ethical standards
of the institutional ethical research committee and with the
1964 Declaration of Helsinki and its later amendments.
Informed consent was obtained from all individual partici-
pants included in the study.

Results
A total of 93 completed interviews were eligible for analysis,
resulting in a total response rate of 80%. Recruitment and
dropout of study participants are shown in Figure 1. Three
excluded patients died as a result of their neurological inju-
ries. Sixty-six individuals were men and the median (inter-
quartile range [IQR]) AIS of the splenic injury was 3 (3—4).
The population had a median (IQR) ISS of 16 (9—27) and for
the treatment of their traumatic injuries they were hospital-
ized for 11 (8-19) days. The median (IQR) ICU stay was
2 (1-5) days. Sixty-one splenic injuries were due to traffic-
related accidents, 21 children fell from a height, a fallen
object hit two, four sport-/assault-related injuries occurred,
and five mechanisms of injuries were not documented. The
median (IQR) age at the date of trauma of the participants
was 14 (9-17) years and they were 22 (16-31) years of age
at the time of the interview. The median (IQR) duration
of follow-up was 8 (4—18) years and the study represents
1,116 cumulative patient years. The majority of the patients
(62%) were included between 2003 and 2012. Baseline and
follow-up characteristics are summarized in Table 1.
Splenic injury was treated by NOM in 57 patients, 27
patients were splenectomized, angio-embolization was
performed in two patients, and a hemostatic mesh technique
was used in seven patients. During the inclusion period, we see
a shift toward conservative management of the splenic injury.
Figure 2 summarizes the treatment modalities that were used
during the different time intervals in our study period.
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Patients identified, N=119

| Fatalities during hospital stay, N=2

A

Fatality after discharge, N=1

Patients included, N=116

:I Unable to contact, N=21 ‘

y y

:I Refused to participate, N=2 ‘

Responders to written questionnaire,

Responders to telephone interview,

N=50

_ !

Eligible for analysis, N=93

Splenectomy, N=27
Median (IQR) follow-up=13 (8-24) years

Median (IQR) follow-up=6 (4—14) years

Spleen preserved, N=66

Figure | Flowchart of patients excluded from the study.
Abbreviation: IQR, interquartile range.

Patients treated by total splenectomy (group A) were
significantly older when they were treated for their splenic
injuries and when they participated in our study. This led
to significantly more patient years per patient than patients
treated by spleen preserving therapy (group B). However,
because of a higher number of participants in group B,
the cumulative number of patient years was higher in this
group. A comparison of baseline and follow-up character-
istics between group A (splenectomy) and group B (spleen
preserving) is provided in Table 2.

Pneumococcus vaccination was given to eight out of
18 patients before 2003 and the number was significantly
more frequent, eight out of nine, after 2003. Vaccination

Table | Baseline and follow-up characteristics

Characteristics N=93
Gender (male/female) 66/27
Splenic AIS 3(34)

ISS 16 (9-27)
Intensive care unit stay (days) 2 (1-5)
Length of hospital stay (days) I (9-19)
Age at trauma (years) 14 (9-17)
Age at follow-up (years) 22 (16-31)
Patient years per patient (years) 8 (4-18)
Total patient years of all responders 1,116

Note: All variables are shown in number or median (25%-75%).
Abbreviations: AlS, Abbreviated Injury Score; ISS, Injury Severity Score.

against Hib was given in three out of 18 individuals before
2003 and significantly more, in six out of nine patients, after
the introduction of new guidelines. The same was true for
meningococcal vaccination, which was provided signifi-
cantly less to participants (5/16) admitted before 2003 than
to those treated after 2003 (seven out of nine). The yearly
influenza vaccination was provided to three out of 16 patients
treated before 2003 and four out of seven patients treated

35 7 | B Angio-embolization
O Hemostatic mesh treatment
30 4 | ® Nonoperative management
H Total splenectomy
25

Patients (n)
o o o© o 98

Figure 2 Treatment modalities of blunt splenic injury in time.
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Table 2 Comparison of baseline and follow-up characteristics between patients treated by total splenectomy and patients treated by

spleen preserving therapy

Characteristics Total splenectomy N=27 Spleen preserving therapy N=66 P-value
Gender (male/female) 19/8 48/18 NS
Splenic AIS 4 (4-5) 3(34) <0.05
Number of patients with AIS score spleen =3 13 (48%) 44 (67%) NS
Number of patients with AIS score spleen 4 Il (41%) 20 (30%) NS
Number of patients with AlS score spleen 5 3 (11%) 2 (3%) NS
ISS 25 (16-34) 16 (9-21) <0.05
Intensive care unit stay (days) 5 (0-14) 2 (1-3) NS
Length of hospital stay (days) 19 (8-30) 10 (8-15) <0.05
Age at trauma (years) 17 (16-18) 12 (7-16) <0.05
Age at follow-up (years) 28 (23-43) 20 (14-26) <0.05
Patient years per patient 13 (8-24) 6 (4-14) <0.05
Total patient years of all responders 438 678 <0.05

Note: All variables are shown in number (%) or median (25%-75%).

Abbreviations: AlS, Abbreviated Injury Score; ISS, Injury Severity Score; NS, not significant.

after 2003. Two patients did not answer the question about
influenza vaccination. Only two patients received the full
vaccination program as recommended by the most recent
guidelines. The results concerning the vaccination status
are given in Figure 3. Ten patients were vaccinated in the
hospital and seven patients were vaccinated by the general
practitioner.

Table 3 shows the answer on questions concerning anti-
biotic use and level of knowledge. Five asplenic patients
were advised to use prophylactic antibiotics for a duration of
2 years and 11 patients were advised to have antibiotics on

100 ~

90 7

80

70 |

60

50

40

Patients (%)

30 |

20

demand. Two of these patients were injured after the intro-
duction of the 2011 infection prevention guidelines; the rest
were injured before the introduction of the guidelines.
Analysis of the level of knowledge about potential risks
of asplenia of the splenectomized patients showed that
20 out of 27 patients were aware of the increased risk of
severe infection. Eleven patients knew how to act in the case
of fever and eight patients were aware of the risks associated
with a dog or a cat bite. Furthermore, 10 out of 27 patients
indicated that they received a handout information document
with information about their infection risk. In the total patient

Figure 3 Percentage of asplenic trauma patients that received the vaccination before and after the introduction in 2003 of a new institutional vaccination protocol.

Abbreviation: Hib, haemophilus influenza type b.
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Table 3 Outcome of questionnaire analysis: use of antibiotics and
level of knowledge regarding infectious risks in splenectomized
pediatric trauma patients

Patient response to questionnaire Total
splenectomy
N=27

Level of knowledge

Aware of the increased risk of severe infection 20

Adequate knowledge about how to react in case I

of fever

Adequate knowledge about the potential risk of a 8

cat/dog bite

Received a handout information document 10

Use of antibiotics

Prophylactic antibiotic use during 2 years 5

Antibiotics on demand Il

Note: All variables are shown in number.

group, there was no OPSI seen during hospital admission or
during the follow-up period.

Discussion

A combination of three factors can reduce the prevalence of
the OPSI syndrome in asplenic patients; these are adequate
immunization, the use of prophylactic antibiotics, and proper
education concerning infection risks. These recommenda-
tions are widely described throughout the literature.!??
This study shows that there is a huge lack of compliance to
all kinds of recommendations concerning these three fac-
tors in pediatric patients splenectomized for the treatment
of BSI. Only two out of 27 splenectomized patients were
adequately vaccinated, five patients without a spleen used
prophylactic antibiotics, and only about half of the asplenic
patients had adequate knowledge of the risk that asplenia
entails. Although highly recommended in current literature,
the low compliance in this current study did not result in
any OPSI episodes.

Immunization

Strict adherence to immunizations for splenectomized
patients is recommended by several guidelines. Hence,
previous studies showed poor adherence to these recom-
mendations in several institutions. A study by Ejstrud et al
demonstrated that only 37.5% of trauma patients were immu-
nized in accordance with published guidelines.” Lammers et
al investigated the management of postsplenectomy patients
in a representative sample of Dutch hospitals from 1997 up to
2008.%2 They included academic, teaching, and nonteaching
institutions and found the highest reported pneumococcus
vaccination rates in the literature. However, their overall

pneumococcal vaccination rate of 85.5% leaves still 14.6%
of asplenic patients unvaccinated against S. pneumoniae.
Additionally, immunization against meningococcus was not
given in 60.6%, while 67.7% of patients did not receive Hib
vaccinations. Further analysis of subgroups delineates that
the pneumococcal vaccination rates are lower in patients
that underwent a splenectomy in the acute setting or if the
decision to perform splenectomy was made during surgery.
This finding suggests that patients who undergo splenectomy
in a nonelective setting are prone for suboptimal aftercare.
Therefore, we expected to have a lower compliance rate of
immunization in our study. In our study, a total of 16 out of 27
splenectomized patients were vaccinated for S. pneumoniae.
The vaccination rate increased from 8/18 before 2003 to 8/9
after 2003. The improvement of vaccination rates after the
implementation of the new guidelines puts our results on par
with the results from Lammers et al.??

Prophylactic antibiotics

A study by Jugenburg et al revealed that the use of pro-
phylactic antibiotics results in a reduction of sepsis-related
mortality in asplenic pediatric patients from 88% to 47%.*
Asplenia results in a lifelong increased risk of severe infec-
tion and therefore some investigators say that prophylactic
antibiotics are indicated for the rest of the asplenic patients
life.?> However, half of the cases of severe sepsis are seen
in the first 2 years and 30% within the first year after sple-
nectomy.? So, due to the potential development of antibiotic
resistant strains, antibiotics-related side effects, and therapy
compliance, most guidelines recommend prescribing antibi-
otics only for the first 24 months following splenectomy.'"*’
However, the guidelines used throughout the world are
far from similar. The Dutch guidelines for children from
2011 advise the use of prophylactic antibiotics for at least
2 years after splenectomy mandatorily.?! Despite these
guidelines, we only found that five patients were advised
to use prophylactic antibiotics during the first 2 years after
splenectomy.

Education

Meerveld-Eggink et al performed a questionnaire study on
all adult asplenic patients in one region during the period
20062007 in the Netherlands to study knowledge of infec-
tion risks.!* They showed that 56 out of 130 (43%) included
patients were not aware of the increased risk of infections
and the need for preventive measurement. Information was
provided by their general practitioner in 43%, travel clinics
in 19%, internists or surgeons in the hospital in only 15%,
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and 30% received information from other sources like the
Internet. None of these patients received written information.
These findings suggest that proper education is far from
optimal in adult asplenic patients. Furthermore, this shows
that the hospital, the location that should provide this infor-
mation, is not performing well on this subject. Our study in
pediatric trauma patients treated in a level 1 trauma center
shows slightly better outcomes, although there is still need
for improvement. Twenty out of 27 (74%) asplenic patients
have adequate awareness of the increased risks of severe
infection associated with asplenia and a total of 10 patients
(37%) received written information.

Limitations and strengths

A major potential limitation of this study is that the individu-
als interviewed were subject to recall bias. The patients in
this study were unlikely to recall the immunizations received
after the splenectomy which, for many, was >20 years prior
to the study interview. Especially, in this specific group,
patients were likely to forget things due to associated neu-
rotrauma or psychological stress associated with their trauma.

To minimize recall bias, we checked the vaccination and
antibiotics given during hospital admission or during
follow-up in the outpatient clinic. Furthermore, we added
a question in the questionnaire to check if patient recalled
their inhospital treatment.

The strong points of this study are the response rate of
80% and a total of 1,116 cumulative patient years. Ninety-
one patients who were asked to participate in the survey
responded to the questionnaire or were reachable by phone.
Therefore, the study is not considered as one that is subjected
to response bias and is probably a representative cohort of the
entire population of pediatric splenic trauma patients in our
institution. Besides that, we had the unique opportunity to
measure the influence of the change in the treatment protocol
regarding infection prevention.

Treatment guidelines

Altogether, our study shows that from 1979 up to 2012 infec-
tion prevention in our pediatric level 1 trauma center was
suboptimal and needs improvement. Therefore, we created a
treatment guideline in which we defined three groups, as can

Table 4 Follow-up treatment protocol for BSI in pediatric patients

Follow-up group I:
* NOM for grade 1-3 splenic

injury

Follow-up group 2:

* NOM for grade 4, 5 splenic injury
* angio-embolization

* spleen preserving surgery

Follow-up group 3:
* total splenectomy

No indication for vaccinations,
education, or antibiotics

Indication for:

e all vaccinations

e education

e prophylactic antibiotics for 2 years

Indication for:

e all vaccinations

e education

o prophylactic antibiotics for 2 years

No consultation of pediatric
immunologist

Consultation of pediatric immunologist
(task of trauma surgeon)

Consultation of pediatric immunologist
(task of trauma surgeon)

No education

Education
(task of pediatric immunologist)

Education
(task of pediatric immunologist)

No antibiotics

Patient starts directly with prophylactic
antibiotics for 2 years
(task of trauma surgeon)

Patient starts directly with prophylactic
antibiotics for 2 years
(task of trauma surgeon)

No vaccinations

All needed vaccinations are provided
2 weeks after admission
(task of pediatric immunologist)

All needed vaccinations are provided 2 weeks
after admission
(task of pediatric immunologist)

Letter to general practitioner with
policy concerning no indication for:
® vaccinations

e education

e prophylactic antibiotics

(task of trauma surgeon)

Letter to general practitioner with policy
regarding:

® vaccinations

e education

e prophylactic antibiotics

e spleen function test

(task of pediatric immunologist)

Letter to general practitioner with policy
regarding:

® vaccinations

e education

e prophylactic antibiotics

e revaccination

(task of pediatric immunologist)

No follow-up imaging

Order ®"Tc-labeled, heat-altered,
autologous erythrocyte spleen scintigraphy
3 months after discharge

(task of trauma surgeon)

No follow-up imaging

(Continued)
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Table 4 (Continued)

Follow-up group I:
* NOM for grade 1-3 splenic

injury

Follow-up group 2:

* NOM for grade 4, 5 splenic injury
* angio-embolization

* spleen preserving surgery

Follow-up group 3:
* total splenectomy

No outpatient appointment indicated
for the prevention of infectious
complications

Outpatient appointment to evaluate spleen
function test (>3 months after discharge)
— Adequate perfusion:

e stop use of antibiotics

¢ no indication for revaccination

e discharge patient from follow-up
(task of pediatric immunologist)
— No adequate perfusion:

e continue use of antibiotics for 2 years

Outpatient appointment to evaluate infection
prevention (2 and 5 years after discharge)

e continue use of antibiotics for 2 years

e indication for revaccination after 5 years
When revaccinating, consider testing antibody
titers

(task of pediatric immunologist)

5 years

o indication for revaccination after

e make outpatient appointment to
evaluate infection prevention (2 and
5 years after discharge)
(task of pediatric immunologist)

Abbreviations: BSI, blunt splenic injury; NOM, nonoperative management.

be seen in Table 4. Follow-up group 1 consisted of patients
with grade 1-3 splenic injuries that were successfully treated
by NOM. Patients who needed surgical interventions for other
traumatic injuries, even when the spleen was left untouched,
were also included in follow-up group 1. Follow-up group 2
included patients with possible impaired splenic functions,
namely high-grade splenic injuries, patients undergoing
angio-embolization, or patients where spleen preserving sur-
gical techniques were used. Patients with total splenectomy
were categorized into group 3.

The suggested treatment protocol included advice on
immunization, prophylactic antibiotics, and proper education.
After splenectomy is performed by a trauma surgeon, we
believe that it is mandatory to send a patient to a (pediatric)
immunologist for the follow-up protocol of the asplenic
or hypo-splenic patient. Due to different guidelines in the
world, our protocol does not include detailed information
about immunization. Detailed local protocols need to be
followed. The most important fact is that patients need to
have an adequate titer at all times. Therefore, it is necessary
to consider antibody titers before the follow-up meeting.

Conclusion

The vaccination status, level of knowledge concerning pre-
vention of infections, and use of prophylactic antibiotics are
suboptimal in pediatric patients treated for BSI. The aftercare
for pediatric trauma patients who sustained BSI in our level
1 trauma center was not in compliance with best practice
standards. This study shows that there is insufficient attention
for possible infectious risks in asplenic pediatric patients.

Although no OPSI was seen in the current cohort, mortality
remains high when it occurs. Therefore, we developed a new
follow-up treatment guideline to adequately treat and follow
pediatric patients with BSI. All asplenic pediatric patients
need immunization, antibiotic prophylaxis, and education.
Given the possible risk of OPSI, we advise all patients with
a possible impaired splenic function to start with infection
prevention as well. Furthermore, we advise sending asplenic
and possible hypo-splenic patients to the pediatric immunol-
ogy department for further follow-up regarding asplenia.
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Supplementary material

Name:
Date of birth:
Date of questionnaire completion:
Did you underwent surgery where the spleen was removed?
O Yes
O No
1. Are you aware of a greater risk of infectious diseases (due to spleen removal)?
O Yes
O No
2. Are you aware of the fact that you should immediately contact the general practitioner in case of fever?
O Yes
O No
3. Are you aware of the fact that you should immediately contact the general practitioner in case you are bitten by a cat or a dog?
O Yes
O No
4. Have you been advised to use antibiotics the first two years after spleen injury to prevent infections?
O Yes, by the general practitioner
O Yes, by the medical specialist
O No
5. Do you have antibiotics at home, so it can be used in case you develop fever?
O Yes
O No
6. Did you receive written information about the risk of infections after splenic injury?
O Yes
O No
7. Have you had vaccinations in relation to the splenic injury during or after your hospital admission?
O No (Skip question 8 and start with question 9)
O Yes:
O Haemophilus influenzae type B (Hib) (Respiratory infection)
O Pneumococcal (Respiratory infection)
O Meningococcal (Meninges infection)
O Influenza, yearly (Viral infection)
OOther: ..o, (Please fill in)
O I don’t know which vaccinations
8. If you are vaccinated, who performed the vaccination?
[0 General practitioner
O The public health doctor
O Medical specialist in the hospital
OOther: ..o, (Please fill in)
9. When was the last time you had a Pneumococcal vaccination?
O Less than 5 years ago
O Never or more than 5 years ago
O I don’t know anymore

It is important that you completely fill in the following text box:

Date T
City
Signature

Figure S1 Questionnaire sent to all included patients.
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